ABSTRACT
INTRODUCTION

29
Extreme floods are not contained within a river channel, nor are ever composed entirely of water, but For instance, bed aggradation decreases channel capacity and bankfull heights, thereby resulting in 52 a wider regional inundation extent. Conversely, channel incision due to in-channel scour during 53 floods lowers bed elevation and increases conveyance capacity of a channel in flood, so leading to 54 smaller overbank flows. Both scenarios imply changes of flood hazard frequency. Therefore, it is 55 reasonable to suggest that effective flood inundation and hydraulic modelling should consider the 56 sensitivity of flood dynamics to the changes in both hydrological and morphological processes.
57
However, recent research on flood modelling has preferred to assume a static river channel 58 geometry both during flood events and between flood events (Guan et al., 2013; Horritt and Bates, 59 2002; Liang, 2010) , and thus ignoring cumulative (long-term) erosion or deposition. Exceptions 60 include the study by (Wong et al., 2014) ) who reported that the inclusion of bed elevation changes 61 appeared to alter flood dynamics locally, but that it was not significant for flood inundation, and Slater 62 et al. (2015) who using a large number of field studies and statistical analysis concluded that the 63 changes in channel morphology could lead to significant effects on flood hazard frequency. They also 64 mentioned that morphological effects might be even larger and more widespread than the flow 65 frequency effects.
66
The significance of channel geometry in flood hazard has also been reported by 67 which explored the effects of channel aggradation due to upstream sediment delivery on inundation 68 extent. Lane and Thorne (2007) suggested that future flood risk should be conditioned not only by 
81
This study aims to evaluate sediment dynamics within a river channel during a repeated series of 
110
Peak water discharge at the glacier terminus has been estimated at 4000 ± 250 m This study used the input hydrograph provided by Staines and Carrivick (2015) for its first experiment 118 ('flood_1'). Our subsequent scenarios considered that three more extreme floods with the same peak 119 discharge occurred in the river channel (named as flood_2, flood_3 and flood_4). Admittedly, flood 120 sequences in reality differ from each other in terms of hydrograph shape, peak discharge and time. In 121 this study, we choose same hydrograph shape, peak and time for the experimental flood sequence 
Numerical model -LHMM
160
The hydro-morphodynamic model (LHMM) that has been presented in previous work (Guan et al., velocity ratio defined by
where C is the sediment concentration vector defined by = ( + ). where So is bed slope; cri is critical dimensionless bed shear stress of i th fraction; i is the 206 dimensionless bed shear stress of i th fraction. 
215
where Sa,i is the near-bed concentration at the reference level which refers to the depth of the sheet 
Bed level change
219
Bed elevation was updated based on simulated bed erosion or deposition at each grid, by
221
where N is the number of grain size fractions; the values of the parameters in the right side are 222 calculated according to the equations in previous sections. 
Experimental design 224
To resolve the research questions, a series of experiments with different scenarios were designed in 225 Regarding the model simulations, the river channel was discretised by 1090×288 grids with the grid As the DEMs before and after the 1999 flood were reconstructed, the modelled river channel Physically, more bedload is induced into motion from the bed during peak flow and then re- In combination these six observations signify that a morphological response to extreme floods is to Table 1 ).
341
Using the flood information modelled by the 2D full hydrodynamic model, we calculated the average 342 stage-discharge rating curves at nine cross-sections along the channel and plotted them in Figure 6 . We quantified the areas of changes in bed elevations along with the river channel and plotted the 361 results in Figure 7 . It shows that bed erosion dominates in the whole channel (684 in 1090 cross-362 sections are eroded after flood_1, and after flood_4 it reaches 818 in 1090). In CS2, CS3 and CS7, 363 considerable erosion occurs during flood sequence so that the increase in conveyance capacity is 364 understandable. We can see that in CS1 the water stage for a given discharge is also significantly 365 decreased from the original bed to the adjusted bed after flood_4, however, the net changes after It was found that the overall trend of channel capacity at the nine cross-sections appears to be 375 increasing under the conditions of either degradation or aggradation. As shown in Figure 5a , we may 376 notice that as a whole, the river channel was eroded by multiple extreme floods and the net erosion 377 aggravates along with more flooding. The fact that large account of sediments was washed away 378 from the channel must lead to an increase of conveyance capacity of the whole river segment in 379 flood. Our results suggested that changes in river morphology due to extreme floods is a significant 380 driver of channel conveyance capacity, even though the floods are a short period of time, and that it 381 is a better solution to assess the flow capacity from a reach-scale, not just from a cross-section. To further elaborate the impacts of changes in river morphology on flood hazard, we plot the 398 discharges and the average stage during each flood at CS3 and CS7 in Figure 9 . Firstly, it was found 399 that floods routing through an altered river channel propagated faster than the flood over an 400 unchanged bed. For example, the difference of the flood arrival time reaches~12 minutes in CS7. As 401 noted above, this is attributed to the fact that flooding plays a role in scouring the bed to find its 402 pathway. However, the latter floods are not accelerated too much even though more flooding occurs 403 with changes in channel morphology. In alignment with the stage-discharge curves, the averaged 404 stages of the five scenarios (R5 -R9) at CS3 and CS7 differ from each other significantly. For the 405 scenario R5, the stage is over 1 m higher than others at CS3, and it is also over 0.6 m at CS7. From a spatial point of view, the overlay of flood areas for three scenarios in Figure 12 clearly shows 
CONCLUSIONS
493
This study explored sediment transport processes during a repeated series of hypothetical extreme weakened in intensity and coverage. In other words, the response of the river channel geometry to 502 latter floods approached an equilibrium state based on the imprint of former floods.
503
Our results have shown that both erosion and deposition occurred along with the river channel. This 504 is not surprising but it reinforces the concept that channel capacity increased at some cross-sections 505 and decreased at others. However, overall in-channel scour and sediment re-distribution dramatically 506 increased the conveyance capacity of the river channel in flood in comparison to the original channel.
507
This suggests that it is a better solution to assess the flow capacity from a reach-scale, not just from 
524
Overall, this study reinforces the concept that the effects of river channel geometry adjustments on 525 flood hazards are significant and multi-faced. Therefore, properly consideration of changes in river 526 channel geometry during flooding must be made in order to accurately and robustly assess flood risk.
527
We suggest that modelling of floodplain inundation and extreme flooding cannot simply assume river 528 channel consistently unchanged.
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